Objective Exploring the associations of regional differences in infant mortality with selected socioeconomic indicators and ethnicity could offer important clues for designing public health policy measures. Methods Data included perinatal and infant mortality in the 79 districts of the Slovak population in 2004. Linear regression was used to analyse the contribution of education, unemployment, income and proportion of Roma population on regional differences in perinatal and infant mortality rates. Results All the explored socioeconomic indicators and ethnicity individually contributed significantly to both perinatal and infant mortality, with the exception of income. In the model exploring the influence of all these variables together on perinatal and infant mortality, only the effect of the proportion of Roma population remained significant. This model explained 34.9% of the variance for perinatal and 36.4% of the variance for infant mortality. Conclusions Living in Roma settlements indicates an accumulation of socioeconomic disadvantage. Health literacy, health-related behaviour and many other factors might contribute to the explanation of the differences in infant mortality, and a better understanding of these processes might help us to design tailored interventions.
Introduction
Infant mortality rate is one of the most important indicators of the general level of health or well being of a given community and of its environmental and socioeconomic development (Fantini et al. 2006; Murray et al. 2000; Reidpath and Allotey 2003; Zatonski et al. 2006) .
Several analytical frameworks are used for studying the determinants of child survival (Ansari et al. 2003; Mosley and Chen 1984; Titaley et al. 2008 ) based on the premise that all social and economic determinants of child mortality operate through a common set of biological mechanisms, or proximate determinants, to exert an impact on mortality. Perinatal and infant mortality are associated with a number of This paper belongs to the special issue ''Migrants and ethnic minorities in Europe: new challenges for public health research and practice ''. sociodemographic indicators such as ethnic groups (Pamuk et al. 1998) , family income (Dominguez-Berjon et al. 1999; Finch 2003; Kawachi et al. 1997; Macinko et al. 2004; Mayer and Sarin 2005) , unemployment (Titaley et al. 2008 ), mother's or father's social class (Gissler et al. 2003 ) and education of the mother (Bobak et al. 2005; Dostal et al. 2010; Singh and Kogan 2007) . Moreover, it is known that infant mortality tends to be higher in countries with greater social and health-related inequalities and tends to rise in countries that have suffered from substantial socioeconomic, cultural and political disruption (Zatonski et al. 2006) .
In many countries, individual-based data on mortality are not available, while area-based data are mostly available and comparable. Focusing on lower geographical levels (e.g. areas, regions, districts) seems to be more accurate than country-wise comparisons or state level analysis, but studies based on sub-national entities are less common (Borrell et al. 2008; Congdon and Southall 2004; Dominguez-Berjon et al. 1999; Kosa et al. 2007; Martuzzi et al. 1998; Rosicova et al. 2009; Vazquez-Vizoso et al. 1993) .
While both socioeconomic and health care factors contribute to the existence of geographical inequalities in infant mortality, it has been suggested that the influence of each of these two factors is different depending on the level of the economic development of each area (DominguezBerjon et al. 1999) . Many existing studies (Borrell et al. 2008; Dominguez-Berjon et al. 1999; Gissler et al. 2003; Hales et al. 1999; Kawachi et al. 1997; Macinko et al. 2004; Sousa et al. 2010) are only partial in the sense of considering the impact of one factor or dimension of inequality (e.g. income, occupation or social position, social class) on mortality, and not considering the interrelated impact of several dimensions of variation.
Although international differences in perinatal and infant mortality have been established, partly related to measures of national prosperity, less is known about sub-national geographical variations at the small-area level. The aim of the present work is to study the geographic distribution of perinatal and infant mortality by small area and to assess the association between social deprivation and perinatal and infant mortality in the districts of Slovak Republic.
Methods

Study population
The study population covers all inhabitants of the Slovak Republic in the year 2004. In order to explore regional differences, the study population was analysed at the district level. The Slovak Republic is divided into 79 districts, five of which constitute the capital city Bratislava, and four districts constitute the second largest city, Košice.
Data
The basic data consist of absolute population numbers and numbers of live births, stillbirths and deaths in the districts of the Slovak Republic in the year 2004 (Table 1) . These data reflect the monitoring of natural changes in the population of the Slovak Republic in 2004, and were obtained from the Statistical Office of the Slovak Republic. Registration of the population is recorded as accurately as possible; health facilities are obliged to send a report on birth on the first working day after a child is born, and a report on death within three working days after inspection of the dead person.
Educational level, registered unemployment rate, income and the Roma population were used as socioeconomic indicators influencing the mortality rate. All indicators were calculated for each district, because data are available and rather reliable at the district level. 
Measures of mortality
Mortality rates were calculated for each district of the Slovak Republic. Perinatal mortality rate is expressed as the number of stillbirths and deaths under 7 days of age per number of live births. Infant mortality rate is expressed as the number of deaths under 1 year of age per number of live births. To highlight the differences between perinatal and infant mortality, we also calculated mortality in weeks 2-52 (mortality after the seventh day to the end of the first year of life), which was expressed as the number of deaths over 7 days and under 1 year of age per number of live births. This mortality was determined only for statistical comparisons of influence of selected indicators to mortality, and has no official, demographical and statistical support.
Statistical analysis
The effects of education, unemployment, income and the Roma minority proportion on regional differences in perinatal and infant mortality were explored using linear regression analysis. First, the crude effect of each factor was explored separately and then all factors were included into the final model. Analyses were done using SPSS version 14.0.
Results
Study population
The number of inhabitants in the Slovak Republic as of July 1 2004 was 5,382,574 (48.5% men). The mean number of inhabitants per district was 68,134 persons, ranging from 12,421 to 163,647 inhabitants.
Perinatal and infant mortality
The total number of live births was 53,747, and the number of stillbirths and deaths under 7 days of age was 361 (6.72%), which is the figure for perinatal mortality. The total number of deaths under 1 year of age, not including stillbirths, was 365 (6.79%).
The perinatal and infant mortality rates in the districts of the Slovak Republic in the year 2004 are shown in Figs. 1 and 2. Districts of the Slovak Republic can be divided into two specific regions by perinatal mortality. The region of the western part of the Slovak Republic has a relatively low perinatal mortality rate, and the regions of Central and East Slovakia have a relatively high perinatal mortality rate. The majority of the districts (43 from 79) attained a lower perinatal mortality rate than the average national perinatal mortality rate, which was 6.72% in the year 2004 (Fig. 1) . Figure 2 shows the infant mortality rate. Districts in the south and central part of the West Slovakia are among those with the lowest infant mortality rate. In contrast, districts in the eastern part of Slovakia, especially in the Socioeconomic and ethnic determinants of regional infant mortality 525 central part of East Slovakia, are among those with the highest infant mortality rate. Compared with the infant mortality rate at the national level, which reached a value of 6.79% in the year 2004, the majority of the districts (45 from 79) achieved a lower mortality rate than the average rate for the Slovak Republic (Fig. 2) .
Education, unemployment, income and Roma population Table 2 presents the results of the linear regression between the rates of perinatal, infant mortality, and mortality in weeks 2-52 in the districts of the Slovak Republic, and the separate socioeconomic indicators. In this model, the variables were entered consecutively to explore the effects separately. Dependent variables are the rates of perinatal, infant mortality and mortality in weeks 2-52 separately. All the variables except income showed a significant effect on perinatal mortality. The situation is similar with regard to infant mortality: all the variables except income had a significant effect on infant mortality. In terms of mortality, in weeks 2-52 all the variables except income and elementary education had a significant effect. Table 3 shows the linear regression presenting the relationship between socioeconomic indicators in the districts of the Slovak Republic and the rates of perinatal, infant mortality and mortality in weeks 2-52. The model explores the influence of all variables together on all the three mortality rates. The model explains 34.9% of the variance in perinatal mortality rate, 36.4% of the variance in infant mortality rate and 30.3% of the variance in mortality in weeks 2-52. Only the proportion of the Roma population contributed to the prediction of perinatal, infant mortality and mortality in weeks 2-52 in the districts of the Slovak Republic. The effect of the other variables on perinatal, infant mortality and mortality in weeks 2-52 was not significant. Figure 3 shows the spatial distribution of the Roma population living in settlements by districts. The Slovak republic is divided into two parts-districts in the western part of the Slovakia are characterised by small proportions of the Roma population living in settlements, in contrast with districts in the eastern part of Slovakia, especially in the south and central part of East Slovakia, which are among those with high proportions of the Roma population living in settlements (Fig. 3) .
Discussion
The results of our study point out the relationship between selected socioeconomic indicators (educational level, unemployment rate, income), ethnicity (population living in Roma settlements), and perinatal and infant mortality rate and mortality rate in weeks 2-52 in the districts of the Slovak Republic. Looking at the factors separately, a significant effect of educational level, unemployment rate and the proportion of people living in Roma settlements on perinatal and infant mortality was observed, while income had no significant effect on perinatal and infant mortality and mortality rate in weeks 2-52. The model including all socioeconomic factors and ethnicity together showed that only the proportion of people living in Roma settlements have a significant effect on perinatal and infant mortality, and mortality rate in weeks 2-52.
The number of Roma living in Europe ranges between 5 and 10 million; they are a minority group within the European Union, with most of the Roma population living in the new member states-in particular, Romania, Bulgaria, Hungary and Slovakia (Kosa et al. 2007 ). According to various estimates, about 430,000 Roma live in Slovakia (8% of the Slovak population), and about twothirds of them are of productive age. The Roma represent a large minority in the Slovak population (Marcincin and Marcincinova 2009 ). Roma are characterised by an extremely high degree of territorial segregation, poverty and perceived discrimination (EU-MIDIS 2009; Vasecka and Dzambazovic 2000) . Furthermore, the Roma population is characterised by a low educational level and high unemployment rate (EU-MIDIS 2009; Vasecka and Dzambazovic 2000) .
Worse birth outcomes (shorter gestation length, lower birth weight) among Roma in comparison with non-Roma mothers were confirmed in Czech Republic (Bobak et al. 2005; Rambouskova et al. 2009 ), Slovakia (Rimarova et al. 2004) , Hungary (Joubert 1991) and Spain (Sola et al. 2008 ). Higher morbidity (incidence of bronchitis, pneumonia, viral diseases, otitis media, influenza and intestinal infections) of Roma children 0-2 years of age as compared Fig. 3 The proportion of the Roma population living in settlements by districts in the Slovak Republic in the year 2004. Source: Prepared using data from Statistical Office of the Slovak Republic to non-Roma children was confirmed by Dostal et al. (2010) .
Worse birth outcomes as well as higher morbidity in early childhood used to be attributed to maternal education (Bobak et al. 2005; Dostal et al. 2010) , maternal smoking (Dostal et al. 2010; Rambouskova et al. 2009; Rimarova et al. 2004 ), a lack of prenatal care (Sola et al. 2008 ) and poor living conditions (Monasta et al. 2008) . Incidence of health problems among Roma children aged 0-5 years living in Roma settlements was associated with years spent living at the camp, overcrowding, housing conditions, use of wood-burning stoves, the presence of rats and issues related to the quality of sanitation and drains (Monasta et al. 2008) . It may be concluded that there are several indices showing that the proportion of Roma living in settlements might contribute to regional differences in infant mortality.
It is possible to identify several hypotheses that may explain the worse health of the Roma in the literature compared to the majority population (Bastos et al. 2010; Dressler et al. 2005; Peters et al. 2009; Wilkinson and Marmot 1998) . (1) Observed differences in health may be due to differences in living conditions, different access to goods and services, and the extent of poverty, meaning the major cause of these differences is not ethnicity but different socioeconomic characteristics. There are studies confirming the contribution of socioeconomic characteristics in the explanation of health differences between Roma and non-Roma (Kolarcik et al. 2009; Vokó et al. 2009 ). (2) Cultural differences are the cause of differences in health literacy, in health-related behaviour (nutritional habits, use of psychoactive substances, physical activity, disease prevention), which lead to gaps in health (Ostrihonova and Beresova 2010; Vivian and Dundes 2004) . (3) The psychosocial hypothesis points to the health consequences of stress from discrimination, social exclusion, material and financial deprivation and lower socioeconomic position (Williams and Mohammed 2009) . (4) The conditions in early childhood may be a disadvantage, and this disadvantage tends to cumulate in each subsequent critical life period, which may result in widening differences in health over life, resulting in a shorter life expectancy (Wilkinson and Marmot 1998) . Of particular interest is access to health care, which might be an important factor of infant mortality. Available indicators of health care (number of gynaecologist and number of beds in institutional care per region) did not contribute to the explanation of regional disparities in infant mortality (analyses not shown), perhaps because these indicators measure only physical availability of health care facilities. Despite the fact that there is a free access to health care guaranteed by law, and access to health care in a particular region, there might be several significant barriers from the side of the Roma population to benefit from health care like residential segregation (distance from health care facilities and obstacles to arranging a visit), low health literacy, prejudices and discrimination (Popper et al. 2009 ).
Strengths and limitations of the study
The limitations of the present study arise from the deficient databases of income and of the proportion of Roma population. We decided to focus on the population living in Roma settlements, but this definition did not include the whole variety of the Roma population; it did not include the Roma population living integrated with the majority population. The indicator of income (average monthly gross wage) is available only for companies with 20 and more employees at the district level in Slovakia. This phenomenon probably explains the lack of significance in our results regarding the relationship between income and perinatal and infant mortality in the districts of the Slovak Republic.
Implications
The majority of mortality studies focus on infant mortality up to 1 year of life as a whole (Congdon and Southall 2004; Finch 2003; Hales et al. 1999; Kawachi et al. 1997; Leigh and Jencks 2007; Macinko et al. 2004) . As in our research, emphasis is put on studying particular components of infant mortality in order to find associations with the specific factors influencing them (Borrell et al. 2008; Dominguez-Berjon et al. 1999; Gissler et al. 2003; Martuzzi et al. 1998; Mayer and Sarin 2005; Singh and Kogan 2007; Vazquez-Vizoso et al. 1993) . Different factors might be important for different components of infant mortality, e.g. educational and health literacy of the mother for infant mortality (Borrell et al. 2008; Singh and Kogan 2007) , age of the mother (National Statistics 2005) or state health care spending as a proxy for access to health care for perinatal and neonatal (Mayer and Sarin 2005) . Based on our findings, it seems that the patterns of the respective associations between selected socioeconomic factors and perinatal and infant mortality are very similar.
Our findings indicate the need for more and deeper research into mortality up to 1 year of age, its geographical distribution and socioeconomic factors, which increase its level. Further research might try to reveal the mechanisms which play a role in causing socioeconomic differences in infant mortality. Different access to health care between the Roma and non-Roma population, different quality of health care provided, health literacy, health-related behaviour and many other factors might contribute to the explanation of the differences in infant mortality, while on the other hand, a better understanding of these processes might help us to obtain tailored interventions. Special attention should be paid to the differences in accessibility of the offered services.
There are several measures which have the potential to decrease such differences: (1) Supporting the work of community health workers and stimulating the collaboration between community health workers, paediatricians and gynaecologists with the aim of overcoming the institutional barriers in the field of mother and child care for women living in Roma settlements (Kosa et al. 2007; Peters et al. 2009; Rechel et al. 2009 ); (2) Establishing an intensive and long-term health promotion programme for adolescent Roma women focused on reproductive health, prenatal care, parenting and family planning (Bobak et al. 2005) ; (3) Using financial stimuli (e.g. making the reception of certain social benefits depending on participation in prenatal care) to stimulate participation in prenatal care (Rambouskova et al. 2009 ); (4) enhancing access to the health care and social services systems with the aim of ensuring adequate immunisation, early treatment for ill children and social support for vulnerable children (Dostal et al. 2010) .
